Abstract A new element tracer technique has firstly been established to estimate the contributions of mineral aerosols from both inside and outside Beijing. The ratio of Mg/Al in aerosol is a feasible element tracer to distinguish between the sources of inside and outside Beijing. Mineral aerosol, inorganic pollution aerosol mainly as sulfate and nitrate, and organic aerosol are the major components of airborne particulates in Beijing, of which mineral aerosol accounted for 32%-67% of total suspended particles (TSP), 10%-70% of fine particles (PM 2.5 ), and as high as 74% and 90% of TSP and PM 2.5 , respectively, in dust storm. The sources from outside Beijing contributed 62% (38%-86%) of the total mineral aerosols in TSP, 69% (52%-90%) in PM 10 , and 76% (59%-93%) in PM 2.5 in spring, and 69% (52%-83%), 79% (52%-93%), and 45% (7%-79%) in TSP, PM 10 , and PM 2.5 , respectively, in winter, while only ~20% in summer and autumn. The sources from outside Beijing contributed as high as 97% during dust storm and were the dominant source of airborne particulates in Beijing. The contributions from outside Beijing in spring and winter are higher than those in summer, indicating clearly that it was related to the various meteorological factors.
Introduction
The long-range transport of airborne particulate matter is one of the most important pathways of global biogeochemistry cycle. As an important component of troposphere aerosols, mineral aerosol is estimated about one half of total amounts of troposphere aerosols, with annual amount of 1000-3000 Tg [1, 2] . The annual total amount of dust from Asia is ~800 Tg [3] , more than 50% of the total amount of global dust (~1500 Tg) [4, 5] , about one half of which is finally deposited in the ocean, and even reaches the North Pacific Ocean and the west coast of North America after more than ten thousand kilometer long-range transport. Dust through long-range transport affects directly the radiation balance of the earth surface and even the global climate. In addition, dust particles, carrying large amounts of pollutants from the continent and micronutrients, such as Fe, which can be absorbed by the phytoplankton in the ocean, have direct effect on the primary productivity of the ocean and the global environmental change [6] [7] [8] . Moreover, these dust particles are major sources of sediments on the floor of the North Pacific Ocean [9] . Mineral aerosol can provide places to accumulate (adsorption, surface complex, radical photochemical reactions) pollutants by serving as reaction surfaces of many physical and chemical processes. Especially, in spring large amounts of mineral aerosols as well as pollutants swept by dust storm have significant impact on the ecosystem of wide regions of continent and the Pacific Ocean, and even the global climate and environmental change [10] [11] [12] [13] [14] .
The primary atmospheric pollutant in Beijing is airborne particulates, which mainly include mineral aerosol, inorganic pollution aerosol such as sulfate and nitrate, and organic aerosol. From 2000 to 2002, the diurnal average concentration of inhalable particulates at Beijing even increased a little on the previously high level [15] . Zhang et al. [16] reported that mineral aerosol accounted for 45%-82% of total aerosol in high dust regions of western China in the spring of 2001. He et al. [17] found that mineral aerosol accounted for 11%-12% of PM2.5 by investigating the mass balance of fine particles in Beijing. Located in the downwind areas of Asian dust sources, Beijing is on the main pathway of delivering Asian dust aerosol to the Pacific [18] . Thus the mineral aerosol in Beijing is affected by the sources from both inside and outside Beijing. To reasonably estimate the contributions of these sources in mineral aerosols in providing the necessary scientific guides to control air pollution at Beijing and to study the impact of Asian dust aerosols on the global climate and environment change, it is necessary to estimate quantitatively the relative contributions to the mineral aerosols from both inside and outside Beijing. However, rare studies have been carried out so far in such a topic.
Lots of studies on source identification, such as enrichment factor, backward trajectory analysis, chemical mass balance, element tracer and receptor model have been widely carried out in the past thirty years. Recently the technique of individual particle analysis was much attractive, as it could provide not only the morphological characteristics of an individual particle, but also the chemical composition [19] [20] [21] . The study on the sources of the atmospheric pollutants in Beijing has been the focus of environmental science and atmospheric science in China for many years, however, most the studies could only provide the qualitative results. In this paper, we establish a new element tracer technique using the ratio of Mg/Al to distinguish between the sources of inside and outside Beijing and firstly estimate their relative contributions to the total mineral aerosols in the four seasons.
Experiment

Sampling (1) Aerosol sampling
The sampling sites were set up to represent those typical areas at Beijing, including (i) a traffic site located on the campus of the Beijing Normal University (BNU) between the North 2nd and 3rd Ring Roads, (ii) an industrial site near the Capital Steel Company (CS), and (iii) a residential site, Yihai Garden (YH), located near the Southwest 4th Ring Road. TSP, PM 10 and PM 2.5 samples were collected on the Whatman41 filter membrane (Whatman Company, UK) using medium volume samplers manufactured by Beijing Geological Instrument-Dickel Co. Ltd. (model: TSP/PM 10 / PM 2.5 -2; flow rate: 77.59 L/min). After sampling, the filters were put in the polyethylene plastic bag immediately and reserved in the refrigerator, then were weighed under constant temperature (20±5 ) and ℃ humidity (40±2%), using an analytical balance (model: Sartorius 2004MP) with a reading precision of 10 μg. All the procedures were strictly quality-controlled to avoid any possible contamination of the samples.
(2) Soil sampling
The re-suspended dust particles from the ground were collected at Qianmen, the 2nd, 3rd, and 4th Ring Roads, industrial areas, traffic areas, gas stations, constructing areas, residential areas, and suburb area (Dingling in Changping) in Beijing, which could be seen as representatives of all of those different areas that could cover basically the entire Beijing. Soil sam-
